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by
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I. INTRODUCTION
The object of this paper is to present our studies on interstitial subterranean
. waters, filling up tiny crevices among particles of the bottom of the streams and
of beaches as well as of sand and gravel alluvial sediments of river valleys; i.e.
postamostygal, mixopotamostygal and eustygal (H usmann 1975).
The phenomena of life and its features, along with the ever more and. more
important intersitial subterranean waters as a resource of drinking-water, in-
volve biological and ecological studies side by side with the hydrogeological,
chemical, physical and medical ones.
Quantity, physico-chemical characteristics and distribution of these subter-
ranean waters are relatively well known on both regional and world scope.
Though introductory studies of dynamics of composite ecological processes are
progressing. Researches of natural habitats have scientific as well as practical
values and some experiments were already performed (H usmann 1968, 1971,
1974/75; Ritterbusch 1976).
Ecological researches of interstitial waters include questions concerning the
composition of the biocenosis and relations of its terrestrial and subterranean
faunistic elements; relations between the structures of biocoenoses and physical
features of substratum, e.g. volumes of intergranular spaces and its practicabi-
lity for water circulation, temperature ofwater and pH; relation to the chemistry
of water and quantity of existing food (Liipkes 1976, Husmann 1968). Studies
of vertical and horizontal distribution and density of population depending on
ecological factors, etc., have also been carried out (H usmann 1974/75, Daniel-
opol 1976, Mestrov, Lattinger-Penko & Tavcar 1976).
The attach merit of certain subterranean organisms - stygobionts - i.e. of
their communities to the biotopes of specific characteristics serves also as a
*) Certain chemic'al. faunistic, bacteriological and field studies and determinations have been per-
formed by:Dr. I. Habdija, Dr. B. Stilinovic and Dr. V. Tavcar.
Zoologijski zavod PMF. Rooseveltor trg 6(1, Zagreb I. Yougoslavia.
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determination of the degree of quality of underground waters in respect to
human consumption (H usmann 1964, Spangenberg 1973).
Since the phreatic waters serve as drinking-water and as allochthonous en-
vironmental pollution develops, the understanding of connections and mutual
influence of 'surface-waters - particularly polluted ones - to subterranean
waters, is of special significance. For this purpose, various indicators have
been used, such 'as fluorescent tracers (Giammona 1973) or radioactive ones
(K ubelka - personal communication); the control of changing physico-chemi-
cal and biological parameters through a system of permanent bores (H usmann
1974/75), or provisional ones, are also used (Bou and Rouch's method).
The results here presented were attained during studies accomplished during
1973 and 1974 in the river Sava valley, not far from Zagreb - the J ankomir
bridge - where a relatively shallow a'nd fast current of the river circulates over
thick alluvial sedimerit of sand and gravel watered by phreatic flows.
The aim of our studies is to attain a comprehension of condition, quality,
connections and mutual influence of the river and surrounding subterranean
hyporheic waters (potamostygal and mixo-potamostygal with the phreatic
water (eustygal) in this contact zone as well as possible infiltration of surface-
water to the phreatic one and vice versa.
2. METHODS
The samples were taken on 29 June, 17 July, 3 November 1973 and 17 April
1974 during low water using the Bou-Rouch method, from various depths (0.3-
2 m), of crosswise profile including a portion of the left river bank, the beach
and the bottom of river (Fig. I). A Norton pump, driven down to 7 m was em-
ployed at the same location, 200 m distant from the river.
Determinations of certain bacteriological and chemical parameters of the
river's water were accomplished as well as evaluation of the saprobiological
conditions of the river and bacteriological, chemical and faunistic analyses of
the samples of interstitial water. Bacteriological analyses were carried out only
in the autumn and more extensive chemical analyses in the autumn and spring.
All samples taken in 1973 were used for faunistic determinations.
- Number of Escherichia coli per I ml was defined by counting the typical
metal-glittering red colonies developed on the substratum of endo-agar after
24 h incubation at 37°C.
_ Number of heterotrophic bacteria was defined by the number of colonies
grown on flesh-peptonic agar. The incubation lasted 4 days at 20°e.
- Number of ammonification bacteria was determined by counting the
reddish-yellow coloured colonies developed on membraneous filters after
watering by Nessler's reagent - Daubner and Ritter's method.
_ Saprobiological evaluation was' defined according to Liebmann's method
and Pantle-Buck's index of saprobity.
- Faunistic analysis was performed by examining 26 samples of intersitial
water - 12 aestival and 14 autumnal. The samples were taken on all points of
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the profile by filtering certain quantity of water through a 8011 mesh mill-silk
net. The animals were fixed in 4% formaldehyde.
- Temperature of water was measured during pumping with a laboratory
thermometer (1/ 10° C), the quantif)' of dissolved oxygen using the Winkler
method, alkalinity and the quantity (~rrree carbon dioxide titrimetrically with
N/IO Hel and N/20 NaOH. Biochemical oxygen demand, B002 was deter-
mined according to the standard method with no diluting. The incubation last-
ed 48 h at the temperature of 22-23°C. Results obtained were presented in milli-
grams per litre and in percentage.
- Permanganate number or relative quantity of organic material was identified
by oxydizing with 0.01 KMn04 after 10 min. of boiling the sample of 100 ml
content.
- nitrates, nitrites and ammonia were defined calorimetrically i.e. nil raIl's by
the brucine method, nilrifes with alpha-narhtilaminic and sulphanilic acid and
ammonia through direct neslerisation.
- Chlorides were determined by the AgNOJ method.
- Concentration of H-ions was measured by a standard pH-meter, MA-5701
Iskra, Kranj.
- Evaporative remains were obtained by evaporation of water - using the
infra-sol lamp- and dried at 104°C.
- Loss during the ignition was obtained by 4 h heating at 320°C.
- Suspended matter. The quantity of organic and inorganic particles in the
samples was determined by quantitative difference between evaporative re-
mains of unfiltrated water and water filtered through a cotton-wool filter. It
was not possible to separate organic from inorganic parts.
- Anionic surface-active agents ("surfactants") were measured colorimetric-
ally after the treatment of a sample with methylene blue and chloroform, - the
method of Longwell and Maniece. The quantity is defined in mg/l as tetra-
propylenbenzolsulphonate (TBS/ 1/650 nm).
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3. RESULTS
3.1. Fauna of researched hyporheic
The faunistic analysis of interstital water samples revealed the presence of the
following animal groups in the are'a of investigation: Nematoda, Oligochaeta,
Copepoda, Ostracoda, Amphipoda, larvae of insects (Chironomidae, - others
rarely) and Gastropoda (Tables I, II, III). The most diverse composition was
found at 0.3-0.5 m depth and all mentioned groups were found down to that
depth in the hyporheic. But in 7 m depth and 200 m away from the river, no
animal material was observable in 200 I of filtered water. Almost all bores
(points) of the cross-profile displayed Oligochaeta as the prevailing group by
number of specimens - considering both time and space distribution. The
density of the population of Oligochaeta diminished according to the depth of
substratum; below I m depth they were difficult to find or completely absent.
- Nematoda were found in comparatively little number only in some.aestive
samples. Only one specimen was found in 2 m depth in the autumn.
- Copepoda appeared sporadically and in small numbers. They were observed
in the summer as well as in autumn but never below I m depth.
- Ostracoda were found individually and sporadically. Living specimens were
found down to I m depth, occasionally to 2 m. Frequently, shells of dead ani-
mals were found.
- Amphipoda. Only one specimen of Gammarus fossarum was found in 0.5
and I m depths. The single subterranean organism (Niphargus sp.) in this area
was found in the benthos of the river.
- Larvae of insects, predominantly Chironomidae, were found more frequent-
ly than any other group of animals, except for Oligochaeta. They were found
usually down to 0.5 m and exceptionally to I m depth.
- Gastropoda. The terrestrial forms were found infrequently in several aesti-
val samples down to I m depth.
- Gemmules and spicules of sponges were found in 0.5 m depth.
- Empty tubes of the larvae of Trichoptera, particles of coal (deriving from
the mines up river), threads of Sphaerotilus as well as the remnants and living
organisms, - indicative of a high degree of saprobity - were present down to
2 m depth.
3.2. Saprobiological analysis of the river Sava water
Flowing from Slovenia, the river Sava at Zagreb is already considerably pollu-
ted by organic and inorganic discharge matters. This is evidenced from several
years' pollution-degree control of the river (Mestrov, Deiikovic & Tavcar 1976)
as well as by the analyses carried out during our studies. The river Sava was
marked alpha-mesosaprobic with the index of saprobity 3.3 for pedon and 2.8
for seston. Simultaneously the presence of dead algae and also a small number
of living indicative species of algae and bacteria were found in the interstitial
water of the beach and in the river bed - down to 2 m depth.
3.3. Bacteriological analysis of the river and surrounding interstitial water
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Table II. The river Save, hyporheie nearby Zagreb
Groups and number of animals in samples of 17.VII.1973.
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The determination of number of Escherichia coli and the number of hetero-
trophic and ammonification bacteria per I ml were carried out in various depths
of the beach and of the river bottom at 5 points indicated in Fig. I as tube
+ 10,+5,+ I, -I and -5. At the same time were studied the samples of turbid
water obtained at the beginning of pumping and the samples of limpid water
taken at the same sampling site after several minutes of operation of the pump.
3.3.1. Number of Escherichia coli in the river-water was found to be 60/ m!. In
comparison with the sample~ of interstitial water (Fig. 2), this number displays
an augmentation toward the depth of 0.5 m by the water edge, especially in the
river bottom. In the same horizon the number of cells diminishes from the river
margin in :the directiontow3.rd the hank and the middle of the river. At certain
sites the number increases toward the depth of Im by factor of 2.5to 5;to 2 III
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Table III. The river Save, hyporheie nearby Zagreb
Groups and number of animals in samples of 3:XI.I973.
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FIG. 2. NUMBER OF ESCHER'CHIA COLI CELLS IN 1 t"l'I OF HYPOAHEIC WATER. J, 11.1111.
depth it is decreasing at aile sites, usually below the number noted for the depth
of 0.5 m. The greatest number of cells was recorded at the bottom by riverside,
and the smallest at the point +10. Both recordings were made at I m depth.
In turbid samples Escherichia coli exceed in number those found in limpid
ones. This is due to a relation between the bacteria and sediment particles.
However, at 0.5 m-I m depth this value deminishes; down to 2 m it is either
increasing (points +5 and + I) or unchanging (point + 10) and at the bottom by
the water edge the value is still less (point - I).
3.3.2. Number of heterotrophic bacteria
There were found 18600 heterotrophic bacteria per I ml of the river's, water.
Their number is considerably decreased in the sediment, down to 0.5 m depth.
But the decrease is far greater at the beach than at the river bottom (Fig. 3).
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FIG. 3. NUMBER OF HETEROTROFIC BACTERIA IN I •••IOF HYPORHEIC WATER. 3'1 1913
As with Escherichia coli, the number of heterotrophic bacteria increases
down to I m and in adjoining area to the margin of the river exceeds the num-
ber found in the river water. Here again, the difference is more explicit at the
river bottom than in the alluvial soil. Similarity with the Escherichia coli dis-
plays also in the decrease of heterotrophic bacteria down to 2 m at all points as
well as in the fact that the greatest number has been recorded at point -I.
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Inversion at the point +5 is an exception. Here, the number of heterotrophic
bacteria in 2 m depth is more than twice the number at I m depth.
In muddy samples the heterotrophic bacteria exceed in number these found
in clear samples and the tendency of increase or decrease at all points by the
depth in clear samples is opposite in turbid water.
3.3.3. Number of ammonification bacteria
In a sample of I ml of the river water were found 2,800 ammonification bacte-
ria. Their number increases down to 0.5 m both in the river bottom and allu-
vial soil (Fig. 4, points +I, -I, -5), and it is considerably smaller at a point
farther from the river (point +5). At the first three points down to I m depth,
the number of ammonification bacteria decreases, while at point +5 it increa-
ses. Down to 2 m, the tendency of growth and diminution of ammonification
+ 10 +5 '1 - 1 -5
sooo 0 , ,
..
l\ I) I~!/, , l/.
-, •••• ~ ••••••••• p ••
--- Lim,.;.. .11"
Ii •••• , 1.1011 •• 11••• / ••••
FIG .•. HUMBER OF AMMONIFICATION BACTERIA IN 1 .••1 HYPORHEtC WATER. J II. 1113
bacteria in number varies. There are twice the number of ammonification bac-
teria in the middle of alluvial soil (point +5) and in the bottom by the water
edge (point -I) than in the river, and in the beach along the margin of the
water (point + I) as well as at the most distant (point +10) their number is
considerably reduced.
The limpid samples contain considerably less ammonification bacteria than
turbid ones.
3.4. Physico-chemical analysis of the river Sava's water and surrounding inter-
stitial waters
3.4.1. Temperature of water
At the beginning and in the middle of summer (29 June, 17 July 1973) tempera-
ture of the river water was recorded as 21°e, in the autumn (3 November 1973)
6.5°e and in the next spring (17 April 1974) 10.2°C.
The spring temperature recordings of hyporheic water were in all measure-
ment points lower than the river water by 0-2.7° e, in the early summer by 3-
5.8°e and in the middle of summer by 2.5-5°C. On the contrary, in the autumn
hyporheic water was warmer by 4.1-6.5° C.
Temperature of the hyporheic water decreases in the summer to a depth of
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FIG.~. TEMPERATURE OF HYPORHEIC WATER
2 m; at 0.5 m depth the temperature ranged from 18 to 20°C and from 15.2 to
18.50C in 2 m depth (Fig. 5). The differences vertically are greater in the sum-
mer considering the area more distant from the river. The water of hYlJOrheic
below the beach, nearer to the river (I m from the river's margin) is cooler by
0.3-0.50C down to I m depth than the water of more distant hyporheic (5 m
away); at 2 m depth the temperature conditions are opposite.
The temperature of hyporheic water increases in depth in the autumn and
spring but the differences in vertical measurements at certain points are smaller
than in the summer (the smallest are in the spring). The more distant from the
river, the smaller are the differencies. At the horizon at 0.5 m depth the values
are 7.5 to 11.8°C compared to 10-13°C at 2 m depth. Fig. 5 demonstrates that
the differences at 0.5 m depth are more considerable than at 1-2 m depth. At
the point +200, far on the riverside and 7 m depth, temperature of water record-
ed 8.5° C.
3.4.2. The quantity of dissolved oxygen
In the river water the quantity of 1.45 mg/ I of dissolved oxygen is recorded at
the first summer measurement, and of 3.1 mg/ I at the second one. In both
cases the water temperature was 21° C. The autumnal sample recorded was
4.5 mgfl, which means, at the temperature of 6.5° C, the deficiency of 63.5%
(Fig. 6a). The vernal measurement has a value of 4.6 mgfl by temperature of
10.2°C.
Both summer measurements showed that the hyporheic water contains very
small quantities of oxygen: except for the value of 2.5 mgfl at the depth of
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0.5 m in the river bottom near the water edge, all measurement points recorded
quantities less than 1 mgJI (Fig. 6).
In the autumn and spring larger quantities of O2 were recorded at correspond-
ing points than in the summer.
Comparing four measurements in the profile we note that the hyporheic
water has almost always a smaller quantity of oxygen than the river.
With regard to the river this quantity rapidly reduced to the depth of I m.
Towards the horizon on 2 m depth in summer months the quantity of O2 still
diminishes, to a trace, or it slightly rises (point +10). But in the autumn in this
deepest layer there rapidly occurs an increase of dissolved oxygen. This rapid
increase is especially evident in the zone of hyporheic along the edge of the
river, which includes in its width about 5 m of the beach and 1 m of the river's
bottom.
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The disposition of the quantity of oxygen at studied locations and depths in
the spring corresponds to that in the autumn (but with greater or smaller ab-
solute values) only at the water edge; an exception is the deepest point of mea-
surement near the river where the 02-quantity is smaller than in upper layers.
There is an inversion compared to the autumnal situation. This inversion exists
at all depths of the bottom along the edge of the river.
The point -5, far from the shore on the river bottom, seems remarkable
since its gradients are quite opposite to those from the bottom near the bank of
the river.
The point + 10 is different from others by a slight variation of O2 quantity
with the depth.
At the point +200 the quantity of 0.8 mg/ 102 is recorded by temperature of
8.5°C. which means a deficiency of 93.2%.
3.4.3. Biochemical oxygen demand, BOD2
This indicator for the intensity of bacteriological activity was determined only
in the autumnal and aestival samples (Fig. 7).
The striking feature is that all values of BOD in percentage both in the water
of hyporheic and river are greater in the spring than in autumn.
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FIG.7. TWO DAYS' BIOCHEMICAL OXYGEN DEMAND PRESENTED IN ""9/1 AND IN PERCENTAG5.
The bacteriological activity is in progress in the autumn at the horizon layer
, at 0.5-1 m depth from the point +5 on the river edge toward the most distant
point in the river bed (-5). The values increase from 35.4% to 43.1 % at 0.5 m
depth and from 37.2% to 47.8% at I m depth.
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The peripheral points of the profile (+ 10and -5) show considerably greater
values of BOD than other points.
The centre of the bacteriological activity of shallow layers moved in the
spring from the most distant point in the river bed to the waterside just at the
margin of water (point + I). But only slightly smaller values were obtained in
same horizons both in the bottom at waterside and 5 m far away on the river
bank.
Except for the point +1 at which BOD decreases in the spring by depth, at
all other points the values rise. The point + lOis characteristic of definite great-
est BOD values.
The sample taken at the point +200 shows a B002 amount of 4 mgjl, i.e.
57.1%.
3.4.4. Permanganate number or KMn04 consumption
To define this parameter, two samples were taken from all sites in the autumn:
the first (permanganic number I) sample of water around the top of the drill
together with the detritus and the second (permanganate number II) sample of
water from more extensive areas around the drill, already clear due to filtering
through sand and gravel substratum. Only clear water was used in the spring.
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The results are presented in figure 8.
The permanganate number for the river water was recorded as 61.62 mg/l
KMn04 in the autumn and 62.3 mgjl in the spring.
- The autumnal hyporheic: Permanganate number I demonstrates that the
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shallow layer of hyporheic at 0.5 m depth retains organic materials to a lesser
extent than river water. However, at all points the content of organic materials
increases considerably by depth. There is an apparent tendency of an increase
of permanganate number in all depths approaching the margin of the river
from the point +5 on the riverside and a decrease at the bottom of the river.
Except for point +10, the greatest values of permanganate number I were
found at the beach near the river. The exceptional location, 10 m away from
the margin of the river, features an increased quantity of organic materials
greater than all other points of measurement. The highest value of 1099 mgjl
was recorded at 2 m depth.
The permanganate number II is considerably smaller at the same points as
permanganate number I but displays the same increasing tendency - in verti-
cal sense, by depth - and the same horizontal progression and regression.
However, vertical differences at certain points are considerably smaller.
_ The vernal hyporheic: According to the vernal samples hyporheic retains
very small quantities of dissolved organic materials, - considerably less than
the actual river's content. But in the shallow layers the quantities are still greater
than in the autumn.
A less distinctive comulative value for 0.5 m deep layer in the border of the
beach is obtained by comparing certain points of measurement according to
the horizons with the autumnal data. Contrary to the autumnal gradient, the
permanganat number is smaller between the depths of I and 2 m at all points.
The minimal value of 7.9 mgjl KMn04 was recorded at the point +200.
3.4.5. Nitrates. nitrites and ammonia
3.4.5.1. Nitrates (Fig. 9)
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FIG.'. NITRATES IN HVPORHEIC WATER, AS mg!' NO),
In the autumn the river Sava contained 0.475 mgjl NO). Considerably less was
noted in hyporheic water: from 0.04 to 0.23 mg/ I. The greater the depth, the
more quantity of NO) was found at all points. The quantity of NO) increases
horizontally from the middle of alluvium (point +5) toward the edge of the
waterside (point + I) where the maximal values were recorded. It decreased
from here toward the river bottom. The exception in this regularity is point
-5 where in I m depth quantity of NO) increases in comparison with NO)
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quantity at the neighbouring point in the same horizon. The greatest quantity
of NO] was found in 2 m depth at the most distant point +10.
In the spring the Sava contained more NO] (0.5 mg/I) and also the whole
studied profile showed greater quantities than in the autumn. As in the autumn
the increase by depth remained unchanged as well as the maximal value at the
point + 10. But the comparison of points in the same layer shows NO] quantity
decreasing from the riverside toward the border of the beach. At the point
+200 was recorded 0.5 mg/ I NO].
3.4.5.2. Nitrites (Fig. 10)
In the autumn the N02 content in the river Sava was recorded as 0.078 mg/1.
Down to I m depth of hyporheic considerably less N02 was found than in the
river. In 2 m depth - except for the point +10 - there was at all measure-
ment points more N02 than in the river. The quantities recorded 0 to 0.178
mg/ I. All points demonstrated a tendency of N02 to increase by depth as well as
+ 10 +5 + 1. ~ ~. .'
"
~ 1\' , \,.
ut.'flJ .; .•• ., O,UI •••• " NO,
--- 11,41914 ,', ',ot
- 1
D'
FIG. to. NITR ITES IN HYPORHIiIC WATER, AS mg~ NOz.
horizontally'- from the river bank toward the bottom by the water edge. Here,
at 2 m depth a maximal value of O.178 mg/ I was recorded. The quantity of N02
in the river Sava slightly increased in the spring in comparison with the
autumnal values. It was recorded 0.09 mg/1. Also, most points in hyporheic
level down to I m depth recorded slightly more N02 than in the autumn but
this time the changes by depth were less. So, at a depth of 2 m was found
considerably less N02 than in the autumn.
At the point +200 0.03 mgfl N02 was recorded.
3.4.5.3. Ammonia (Fig. I I)
In the autumn 0.41 mgfl ammonium nitrogen was measured in the river Sava.
Shallow layers contained less ammonium nitrogen but more was recorded'at a
depth of 2 m than at the bottom by the waterside (point - I) and farther on at
the peripheral poirit of the beach (point +10).
The quantity of ammonium nitrogen increases at all points by the depth as
well as in horizontal sense - from the middle of the beach toward the margin
of the river. Greater quantities of nitrogen were recorded in the river bottom
than in the alluvial soil.
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The point +10 with 0.45 mgjI N at 2 m depth was again an exception.
Considerably less - 0.03 mg/ I of N - was found in the Sava in the spring
than in autumn but hyporheic water at the same time had values 5 to 100 times
as much. The greatest quantities were found in the middle of the beach (point
+5). Any regular rise of N-quantity by depth of substratum could not be deter-
mined in this season. The quantities of N decreased on both sides of the river
margin, particularly at a distance of 5 m on the beach at 0.5-1 m depth. Down
to 2 m depth it rises again or slightly decreases. The N-quantity slowly increases
in shallow layers at the distant point in the river bottom (-5). The point +10
displays a serious decrease at 1-2 m depth compared to other points on the
.beach showing an increase of N. By far the least amount was recorded at the
point +200:0.01 mg/I.
3.4.6. Chlorides
Autumnal recordings in the river Sava amounted to 10.5 mgjI of chlorides
and 17.5 mgjI in the spring. The former measuring indicated the least quantity
of chloride recorded in the hyporheic during our studies.
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FIG.11 CHLORIDES IN HYPORHEIC WATER AS ';'g/I CI.
With an exception of the most distant part of the beach (point + I0), where
considerable increase was noticed down to 2 m depth, all other point showed a
concentration of chlorides in a shallow surface layer. A notable decrease was
recorded in deeper layers (Fig. 12)
3.4.7. Free carbon dioxide. CO2 (Fig. 13)
The measurements were carried out four times - on two occasions in the sum-
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mer and once in autumn and spring. The minimal quantity of CO2 (6 mgfl)
was registrated in the river water in spring, slightly more in the summer
(6.8 mg/I) and twice as much as in the autumn (13.2 mg/I).
The difference of CO2 content between the river and hyporheic water in
spring is small in comparison with the differences found in the summer and
autumn, i.e. up to 7 times more CO2 in hyporheic than in the river.
As a rule, CO2 content increase by depth, sometimes by 5 times the difference
of depth of only 1.5 m (point +5, summer). The exception with a reverse gra-
dient was the beach near the river (point + I, autumn).
The quantity of CO2 in the bores in the beach decreases at all depths ap-
proaching the edge of the river. Past the river bottom it rises again.
The points + 10 in the autumn and +5 in summer are exceptional because of
a greater quantity of CO2 in deeper layers from I to 2 m depth. Point +200
recorded 7.9 mgfl of CO2,
3.4.8. Alkalinity (Fig. 14)
The two summer recordings showed slightly lower alkalinity (3.5-3.6 mval/I)
than vernal one (4.5 mval/I).
The alkalinity of hyporheic water was generally greater than in the river -
points -5 with 4.2 and +200 with 4. I mval/ I were exceptional in the spring.
Alkalinity increases according to depth in the substrate, but even here exist
. some exceptions - at the bores in the beach in the autumn (points +5 and + I).
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3.4.9. Concentration of hydrogen ions, pH (Fig. 15)
The results of summer observations suggest neutrality of the river water: pH
6.9-7 and are considerably unlike the vernal (pH 8) and autumnal recordings
(pH 8.2).
The summer pH values of subterranean water deviate quite inconsiderably
from the river pH. These values are slightly lower in the spring and a little
higher in the autumn than the river seasonal pH, but always over 7.5.
Generally, to a Im depth the pH moderately increases but to a depth of 2 m
remains unchanged or records a slight increase or decrease. In the spring at 7 m
depth (point +200) pH recorded 7.7.
There is a tendency to a slight decrease of pH in all depths in direction from
the riverside toward the edge of the river and a rise in pH at the river bottom
along the water's edge.
3.4.10. Residues on evaporation and ignition. Loss during the ignition
These analyses were carried out only for the samples of water taken on the 3rd
November 1973, filtered through a cotton-wool filter.
The residues on evaporation and ignition have irregular values at all points
and in all depths. The evaporated remains indicate an evaporated quantity of
organic materials; ignition remains indicate, essentially, a quantity of inorganic
materials and burned out organic materials.
The loss during the ignition (Fig. 16) represents these burned out materials .
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The closer the locality is to the central portion of the river, the more organic
materials noted in a 0.5 m deep surface layer. However, in deeper layers (0.5-
2 m), the more distant the localities are from the margin of river, - either to-
ward the waterside or the central part of the river - the more abundant they
are in organic materials. The point + 10 and adjoining area in 2 m depth are
particularly rich.
3.4.11. Suspended matter (Fig. 17)
The quantity of suspended particles increases at all points by depth. Also, it
increases in all layers in a direction from the river to the waterside. An except-
ionally great quantity was recorded at the point + 10 in 2 m depth. Here, the
quantity was registrated 20 times higher than in the I m deep layer.
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3.4.12. Anionic surface-active agents ("surfactants" (Fig. 18)
Only vernal recordings were carried out. The river contained 0.2 mgfl ofTBS.
The quantity increases in the superficial layer of the river bottom and in the
beach along the river. But only 0.08 mgfl ofTBS was recorded in 0.5 m depth,
5 m distant from the edge of the river.
The surfactants penetrate the river bottom down tei 2 m but in the alluvial
soil only to I m. The concentration increases everywhere by depth.
The presence of surfactants were not discovered at the points 10 and 200 m
aw'ay from the river either in I m depth nor in 2 m and 7 m depth.
'1 - 1 -l:j
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4. DISCUSSION AND CONCLUSIONS
The studies of various relations between the biotopes of subterranean and
surface waters have been undertaken at a relatively small locality in the river
Sava valley near Zagreb. The studies have been carried out in the beach and in
the river bottom down to 2 m depth. This is as deep as possible, considering
the technical equipment. At the riverside the samples of water have been taken
from the depth of 7 m by a permanently fixed pump i.e. slightly deeper than the
level of subterranean water. The studies - considering cross section - have
comprised a part of the river bottom and the whole beach of sand and gravel
sediments which at high water forms a part of a waterside bottom and at low
water is exposed. The studies of subterranean water 200 m away from the mar-
gin of the river have been made only once. Accordingly, all areas in vertical
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and horizontal sense which could be watered by the river's water have been in-
cluded in our studies.
The greater part of the beach closer to the margin of the river rises so gently
that even a slight rise of the water level is followed by an inflow and an effect
on the substratum. More intensive depositing of transported material in this
area than in a constantly submerged bottom of river is due to a frequent and
slow inflow and outflow of the river water. This is also indicated by quantities
of suspended material at all depths of measurements (Fig. 17).
Comparing the chemical and physical parameters taken simultaneously in
the river and interstitial water, several different ecological areas could be
separated:
- The most distant point from the river (200 m) where the water is at a depth
of 7 m is situated in an area distinct both by space and some parameters. This
point is remarkable with a small quantity and a greater deficiency of oxygen
as well as low temperature. The quantity of CO2 is also considerably less than
at all other bores. Alkalinity of 4.1 mvalJ I is the lowest recorded in the spring,
and quantity of ammonia about 10 times less than in the interstitial water of
the beach. This is the area of phreatic or eustigal which differs considerably by
its characteristics from others, and in which a direct impact of the river could
not be defined during the studies (Table V).
- The zone along the edge of water which extends some 5 m on the beach as
well as on the river bottom is different from the surrounding area. The extend
and changes both in space and time of physico-chemical and other parameters
suggest the existence of various layers. Namely, some parameters in various
depths (0.5, I and 2 m) of the same point of measure, produce considerable dif-
ferencies in amount, but a regular rise of these values at each depth in direction
from the river edge toward inland or reverse is notable as well. Also seasonal
inversions - indicated, for example, in the quantity of oxygen in summer and
autumn in a layer at 2 m depth - which keep its regularity as to the changes
in a layer itself, evidence that the horizons in consideration have presumably
diverse physical structures (granularity) (Fig. 6). Some indicators, such as
more intensive bacteriological activities (heterotrphic bacteria), coliform bac-
teria, quantity of anionic surface-active agents, presence of populations of the
species indicative of a higher degree of organic pollution such as Sphaerotilus
natans etc., and the presence of river fauna, demonstrate that the hyporheic
zone along the margin of river down to I m depth is more influenced by the
river's water and its polluting effect than deeper and more distant zones (Fig. 2,
3, 18; Tables I, II, III).
- Some features of the part of the beach more distant from the margin of the
river (point +10) differentiate this zone from the eustigal and from a wider
area near the margin of the river; and various values of the parameters of point
+ I0 and other points closer to the river suggest its characteristic feature. Here,
the quantity of oxygen slightly varies by depth. There are more organic mate-
rials here than elsewhere in the alluvium as well as products of mineralisation
of these organic materials. Perhaps many organic materials and chlorides ori-
ginate from the surrounding meadows and agricultural areas, and presumably
352 M. MESTROV AND R. LATTINGER-PENKO
+ 10 +5 + 1 -1 -5
o ,
o ~~
q •. ,
\ )I (I
FIG.". HUMBER OF ANIMALS IN I LITER OF pUMPED HYPORHEIC WATER,
Save nearby Zagreb. 1973/74.
Table IV .. Groups of ariimals sampled inhyporheic of the river
Save nearby Zagreb and Drave nearby villages D .. Dubrava and
Legrad.
GROUPS SAVE DRAVE
D. Dubrava Legrad
Chironomidae
Trichoptera
Nematoda
Oligochaeta
Copepoda
Ostracoda
Amphipoda
+
+
+
+
+
Gam.
+
+
tub.
Insecta, others +
Gastropoda +
(S phaerotil us) . +c'i'li<it<i (co.lon)" ~ :
Hydrozoa
Acarina
Isopoda
Collembola
Coleoptera
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
Average of animals
per liter
Degree of saprobity
0.63
a-m
1.3
f3-m
2.2
a-m
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only high-water causes a more intensive contact between river water and the
subterranean water of alluvium.
Indicators of pollution like organic compounds, chlorides, nitrates, nitrites,
ammonia and coli-bacteria show that all points on the beach and on the bot-
tom of the river are subject to the influence of polluted river water at least
down to 2 m depth. This is confirmed by particles of coal, Sphaerotilus and
other indicators of saprobity present in the deepest examined horizon (Fig. 2, 8,
9, 10, II, 12,; Tables I,ll).
The activity of bacteria - evidenced by the presence of products of organic
material decomposition and BOD - suggest that the process of autopurifica-
tion is also performed in hyporheic. Due to the oxygen demand - down to I m
depth - the deficit of oxygen approaches 99%. In deeper layers, in summer,
oxygen disappears almost completely (Fig. 6).
In comparison with the physically similar habitat by the river Drava near
Legrad, studied in the same year (Mestrov, Lattinger-Penko & Tavcar 1976),
the fauna of the Sava hyporheic is not as rich - in the quantitative and quali-
tative sense (Table IV; Fig. 19). Typically subterranean species of Acarina,
Isopoda and Amphipoda are lacking here, otherwise living in phreatic water
of the Sava valley (MeStrov 1960) and in the mentioned hyporheic of the Drava.
It is supposed that macrocenobionts have a certain role in maintaining the
"cleanness" and permeability of interstices, i.e. circulation of water through
them. Eating the infiltrated detritus, they accelerate the process of decomposi-
tion and development of a balance in ionic and organic composition of water
and open the crevices closed by this detritus (H usmann 1974, 1975; Bojcenko
1975).
Autumnal enrichment of the deep hyporheic layer of water by oxygen was
not followed by a greater density or a changing composition of animal popu-
Table V. Physico-chemical analysis of the water from the point +200(7 m depth,
200 m distance from the margin of the river)
Water temperature
Dissolved oxygen
Deficiency of oxygen
Permanganate number (KMn04 consumption)
Free carbon dioxide
pH
Alkalinity
Chlorides, Cl
Ammonia, N
Nitrites, N02
Nitrates, NO)
Anionic surface-active agents ("surfactants")
8.5°C
0.8 mgjl
10.9 mgjl
93.2%
4.0 mg/I
57.1%
7.9 mgjl
7.9 mgjl
7.7
4.1 mval/l
14.5 mgjl
0.01 mg/l
0.03 mg/l
0.5 mgjl
0.0 mg/I
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lations considering stygobionts. The layers below I m depth in the studied
locality of the Sava seem to be "ecologically devasted" (Husmann 1974/75). It
is certain that the chronically high degree of pollution with organic and toxic
materials (Mdtrov, Deskovie & Tavcar 1976; Mestrov et al. 1976) causes this
phenomenon. The results of our studies confirm this.
The continuation of comparative ecological researches and studies of deeper
layers will'disclose more information and explanations.
SUMMARY
Because of the fundamental biological investigations and also of the practical
importance, the authors investigated interstitial subterranean water (hypo-
rheic) near a polluted river Sava in the plain where the underground waters
are considered as potable. With the comparison of the physical, chemical, bac-
teriological, saprobiological and faunistic characteristics of river and its hypo-
rheic in different seasons their mutual relation is detected. The results show the
influence of polluted river water on the hyporheic water within the river bed to
at least 2 m depth.
RESUME
A cause des recherches biologiques fondamentales comme a cause d'une
importance pratique aussi, les investigations d'eau souterraine interstitielle
(hyporheique) sont effectuees Ie long d'une riviere polluee (Save).
En comparant les proprietes physiques, chimiques, bacteriologiques, sapro-
biologiques et faunistiques de la riviere et de son hyporheique en saisons diffe-
rentes, leur influence mutuelle est recherchee. Les resultats obtenus montrent
I'infiuence de l'eau de la riviere polluee sur l'eau hyporheique de son litjusqu'au
profondeur de deux metres au minimum.
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